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STENOSIS OF THE ESOPHAGUS IN FOUR GENERA-
TIONS OF MICE OF THE NH STRAIN*
L. C. STRONG AND G. M. SMITH
The NH strain of mice was developed for the purpose of pro-
ducing the highest possible degree of biological variability without
the interfering incidence of spontaneous tumors. In order to do
this, mice of three separate inbred strains were mated seriatim. The
above strains were the CBA, the JK, and the N. Mice of the CBA
strain have reached the forty-eighth generation of a pedigreed
brother-to-sister mating. They possess the color genes for black and
agouti (wild type). Mice of the JK strain carry the recessive genes
for pink eye, short ear, brown, and non-agouti. They also possess an
extra daw on one or both of their front feet and are devoid of a
xiphoid process. They have reached the fortieth generation of pedi-
greed inbreeding. Mice of the N strain carry the recessive genes
for pink eye, blue dilution, brown, non-agouti, and piebald. They
have been inbred for thirty generations.
Following the hybridization of mice from these- three inbred
strains, several pairs of F2 individuals were selected for the produc-
tion of sublines. Among the various sublines established, one
(NHS) is shown in the chart following. Two sisters of this descent
(No. 136,876 and No. 136,877) were noted on Nov. 21, 1939, to
be somewhat emaciated. Otherwise they appeared to be in good
health. In doing routine autopsies, it was noticed that the esophagus
in each of these two sisters was greatly distended with food (balloon
shape) throughout the extent of the thoracic cavity, whereas imme-
diately below the diaphragm the esophagus appeared contracted
(cord-like), glossy-white, and firm. The rest of the gastro-intestinal
tract appeared to be normal. On opening the distended part before
fixation in 10 per cent formalin, it was found that the wall of the
esophagus in this region was extremely thin and the lumen was
filled with partly digested grumous milky food material, debris,
desquamated epithelium, and strands of keratin. No perforations
had occurred into the thoracic cavity nor were there any adhesions
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to the neighboring structures. It was obvious that this extreme
dilatation, measuring as much as 1 cm. in diameter, was a process
secondary to a stenosis which appeared at a lower level probably
near or below the diaphragm. Where the stenosed part of the
esophagus ran for a short distance, great difficulty was encountered
in opening it up in order to disdose a lumen on account of extreme
contraction, so that it was thought best to study this constricted part
of the esophagus by serial sections in order to verify the patency of
the bowel at this point.
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The origin of the NHS subline, showing the occurrence of stenosis of the esophagus
in 7 individuals of 4 generations in direct descent. Many of the other mice, especially
in the F7-F9 generations, are still alive at ages too early to show the lesions.
To date, 22 individuals of this subline have developed esophageal stenosis.
The gross and microscopic structure of the dilated and the sten-
osed parts of the esophagus are shown in the figures. As there was
no evidence of any tumor in the region of the stenosed area, it was
concluded that the factors involved in the origin of the lesion were
not malignant but benign in character.
The dilated portion of the esophagus (Figs. 7 and 9) could be
readily interpreted. The muscular wall was thin and atrophic; the
lining squamous epithelium was extremely thin and the individual
cells were thin and flattened, the nuclei were narrowed and spindle-
shaped. Keratin formation was meager; mitotic figures were absent.
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The small capillarieswerethin andflattened. No signs ofinflamma-
tory reaction and no evidence of papillomatous arrangement in any
part could be found.
Contrasted with this microscopic appearance of the dilated por-
tion, the stenosed portion (Figs. 5 and 11) appeared in places to
possess a slightly thickened musculature, whereas in other fields the
evidence of muscular thickening was lacking. The muscle bundles,
however, were broken up and separated by delicate connective tissue.
The squamous epithelium gave the impression of being distinctly
thickened and there was, unquestionably, a very active keratin for-
mation so that the lumen was filled with strands of keratin almost to
the point of complete obliteration.
Fig. 4 indicates the active keratinization process in the epithel-
ium; the lumen is practically completely blocked with masses and
strands ofkeratin, in part attached to the epithelium and in part free.
Caught in the keratin are granules, possibly representing food mate-
rial. No downgrowth of the epithelium, indicating early malignancy
could be detected. Therefore, the stenosis was regarded as benign.
The separation of the muscles into bundles was quite pronounced in
places.
Comment
Since the esophageal stenosis with proximal dilatation has
appeared several times in closely related individuals (four genera-
tions in direct descent) and since there is practically no evidence, to
date, of an inflammatory, parasitic, or neoplastic condition there is a
possibility that the condition may have a genetic origin. There
seems no doubt that a certain localized hyperplasia of the esophageal
epithelium occurs with anassociatedactive keratosis which isprobably
the cause of the narrowing of the lumen. In these circumstances a
dilatation proximal to the lesion would be expected. A hybridiza-
tion experiment is contemplated, by which the mode of inheritance
can be ascertained. This analysis will be complicated by the fact
that the lesion is apparently not present at birth or in early life, but
is probably only attained in adult life.
491FIG. 1. A photograph (slightly reduced) of mouse 136,877 showing the distended
condition of the esophagus. Note that the esophagus is larger than the stomach.
FIG. 2. A photograph (normal size) of mouse 144,174 showing a normal esophagus.
FIG. 3. A photograph (slightly reduced) of mouse 136,876 showing the esophagus
proximal to a point of stenosis near the diaphragm.
FIG. 4. A photomicrograph of the stenosed area in the esophagus of mouse 140,920.
Note the hyperplastic epithelium, excessive keratin formation, and relatively small
lumen. x 150.
FIG. 5. A mitotic figure in the hyperplastic epithelium in the region of the stenosed
esophagus of mouse 140,920. x 1500.r . e.
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FIG. 6. A cross-section, near the thyroid region, of a normal esophagus. Mouse
141,319. x 5.
FIG. 7. A cross-section of the distended esophagus above the stenosed area. Note
the extreme dilation of lumen with thinning of esophageal wall (at the level of the
thyroid). Mouse 136,877. x 5.
FIG. 8. A cross-section, near the thyroid region, of a normal esophagus. x 300.
FIG. 9. A cross-section of a dilated part of the esophagus (same mouse as in
Fig. 7). Keratin covers a single layer of flat atrophic epithelium; thin muscular layer
detached from epithelium in preparation of section. x 300.
FIG. 10. A cross-section of a normal esophagus near the region of the diaphragm.
x 50.
FIG. 11. A cross-section of a stenosed esophagus near the region of the diaphragm.
Note the "weakened" muscular layer, the hyperplastic epithelial layer, and the small
size of the lumen. Mouse 140,920.